v" In man and chimpanzee, the large-celled region in the posteroinferior portion of the lateroventral thalamic mass, commonly called the nucleus ventralis posterior thalami, is separated cytoarchitecturally into two regions. The anterior portion is called the nucleus ventrointermedius (Vim) and the posterior part, the nucleus ventrocaudalis (Vc). In the chimpanzee it was found that most of the fibers from the superior cerebellar peduncle entered Vim on the way to distribution in the anterior half of the lateroventral thalamic mass. Fibers from the posterior spinal column (medial lemniscus) entered the Vc. No overlap was evident in the radiations from the two sources. An unusual human case is presented supporting the sensory function of Vc since a lesion in this nucleus resulted in persistent contralateral paresthesia. On the other side, a discrete lesion in Vim caused no sensory disturbance. KEY WORDS 9 thalamus 9 central paresthesia 9 sensory relay nuclei 9 cerebellar projections 9 chimpanzee 9 man 9 medial lemniscus S OME 35 years ago, the basic plan of the ascending afferent fibers to the thalamus, which had been under study by pioneers such as Monakow, 5 Probst/'9 Van Gehuchten, 14 and Vogt, '5 seemed fully established by anatomists in the 1930's. t7 However, recent evidence has provided some new insight into the intrathalamic course of the ascending afferents and the local function of the lateroventral thalamic mass in anthropoid apes and man. The material presented here bears upon the connections and function of the large-celled nuclei of the posterior lateroventral thalamic region (nucleus ventralis posterior of the AngloAmerican School or the nucleus ventrointermedius (Vim) and nucleus ventrocaudalis (Vc) of the German school).
S OME 35 years ago, the basic plan of the ascending afferent fibers to the thalamus, which had been under study by pioneers such as Monakow, 5 Probst/'9 Van Gehuchten, 14 and Vogt, '5 seemed fully established by anatomists in the 1930's. t7 However, recent evidence has provided some new insight into the intrathalamic course of the ascending afferents and the local function of the lateroventral thalamic mass in anthropoid apes and man. The material presented here bears upon the connections and function of the large-celled nuclei of the posterior lateroventral thalamic region (nucleus ventralis posterior of the AngloAmerican School or the nucleus ventrointermedius (Vim) and nucleus ventrocaudalis (Vc) of the German school).
The following three situations were studied:
Study 1: Intrathalamic pathways of fiber degeneration (silver technique) following a lesion of the contralateral brachium conjunctivum in the chimpanzee; Study 2: Intrathalamic pathways of fiber degeneration (silver technique) following a lesion of the nucleus gracilis in the chimpanzee; and Study 3: Discrete surgical thalamic lesions in the Vc (producing contralateral paresthesia) and in the Vim (no paresthesia) in man.
FIG. 1.
Drawing showing the comparative cytoarchitecture of the lateral human thalamic nuclei in the sagittal plane. The cell form, relative size, density of arrangement, alignment, and staining density are indicated. Sections a, b, and c are respectively about 6 mm, 10 mm, and 16 mm from the midline. The horizontal dashed line is in the horizontal plane passing through the anterior and posterior commissures. The vertical lines pass through the lateral projection of the centers of the anterior and posterior commissures at the midline. See Table 1 for abbreviations.
Material and Methods

Tissue Preparation
Celloidin Material. The application of the celloidin technique to human material for serial section has been described in detail elsewhere? ~ The whole brain was fixed by immersion for 4 weeks, then infiltrated with celloidin of increasing concentration and attached to a microtome block. This procedure required about 10 months. The material was sectioned serially at 35 ~t with a giant microtome.* Pairs of adjacent sections were stained with cresyl violet and by the Loyez method for myelin. Silver Technique for Degeneration. After postoperative survival times of 5 to 14 days, the animals were anesthetized and the arterial system cleared with 500 ml of 2.4% gum acacia in normal saline, followed by a solution of 100 ml formalin, 9 gm sodium chloride, 24 gm gum acacia, 30 gm potassium dichromate, and 900 ml distilled water. 1~ The brain was removed from the calvaria and suspended in 10% formalin for 2 weeks. Prior to sectioning, the blocks were placed in a 30% sucrose-formalin solution for 3 days. Frozen sections were cut in the frontal or sagittal planes at 30 u. Sections retained at 500 u intervals were stained with the Nauta-uranyl nitrate method? Adjacent sections were stained with luxol fast blue-cresyl violet for cellular morphological detail, Fink-Heimer II, ~ and a modified Fink-Heimer technique for terminal degeneration.
Reconstruction Technique
The sections stained for neurons paired with the silver or myelin preparations were placed in a photoenlarger and an image at about )< 12 magnification was made on Kodak Photomechanical "T" paper. This material was chosen for its very high contrast and rapid processing. On this negative print, the areas of degeneration and the nuclei were outlined in soft pencil. From these drawings ink tracings were made into montages. The conventions used to indicate degeneration are given in the figure legends.
Cytoarchitecture and Nomenclature
The terms used for the lateroventral thalamic region of the chimpanzee are readily transferred from the human terminology given in detail elsewhere. TM A list of terms with Anglo-American equivalents is given in Table 1 . The brain-stem nomenclature is largely taken from Riley, H with a few nuclear terms from Olszewski and Baxter. 7 In brief, the rostral polar region, made up of angular and rounded cells grouped about bundles of fibers, consists of the nucleus lateropolaris (Fig. 1, L po) . This extends posteriorly to approximately the transverse level of the tractus mammillothalamicus. A medial division made up of sagittally oriented small fusiform cells may be separable in some specimens as the nucleus fasciculosis. Between the tractus mammillothalamicus and the nucleus centralis (center median-Ce), the lower half of the thalamus is made up of the nucleus ventrooralis. The medial portion (nucleus ventrooralis internus-Voi) consists of cells of fusiform, rounded, or angular shape, and of varying size, while the lateral part (nucleus ventrooralis externus-Voe) consists of uniform rounded to broadly angular cells in closer formation. Above the nucleus ventrooralis is the nucleus dorsooralis (Do) characterized by larger fusiform cells showing a predominantly sagittal orientation. Between the dorsooralis and the pulvinar lies the nucleus dorsocaudalis (Dc). This area is characterized by irregularly arranged angular and rounded cells which contrast with the more uniform size and arrangement of the lighter-stained cells of the pulvinar posteriorly and the fusiform sagittally oriented cells of the nucleus dorsooralis anteriorly.
It is fair to point out that these distinctions are best seen in the sagittal and horizontal planes of section. In the transverse plane the fusiform sagittal cells of the nucleus dorsooralis are less apparent, but occasional fusiform cells lacking the predominant sagittal orientation may serve to distinguish the area. In occasional cases TM we have been unable to distinguish between the nucleus dorsooralis and the nucleus dorsocaudalis in the transverse plane. For the conglomerate mass, we have reluctantly used the term nucleus dorsalis. Likewise in the transverse plane, identification of the junction between the nucleus lateropolaris (L po) and the nucleus ventrooralis externus (Voe) may prove difficult. This can be settled by the greater uniformity of cell shape, size, and distribution in the nucleus ventrooralis externus.
Anatomical Observations
Study 1
Section of the Superior Cerebellar Peduncle in the Chimpanzee. A healthy preadolescent male chimpanzee was perfused 14 days after a lesion had been made in the superior cerebellar peduncle. Sections were stained with the Nauta-uranyl nitrate method (Fig.  2) . The lesion was made with a hooked corneal spud through an approach below the left occipital lobe. Incidental damage was sustained in the occipital lobe and in the folia of the lingula, as the latter was retracted to expose the superior cerebellar peduncle. The cut completely severed the superior cerebellar peduncle but also extended a short distance into the central tegmental fasciculus. Since we are concerned with only the degeneration crossing in the decussation of the brachium conjunctivum, this additional damage is not of importance in the present discussion. Control cases and additional material have been reported elsewhere. TM Degeneration in the Right (Contralateral) Thalamus. Degenerating fibers ascended to the thalamus through the red nucleus but were concentrated in its dorsal portion and in the tegmentum immediately adjacent to it (Fig. 3) . The bulk of the fibers entered the thalamus anterior to the nucleus centralis (centrum medianum-Ce) and were distributed profusely through the large-celled Nucleus ventralis posterior thalami salis-M). A few granules followed the brachium of the inferior colliculus into the medial geniculate body. Rare granules appeared in the optic tract, as illustrated, but could not be followed to the tectum or elsewhere. Essentially, no degeneration could be found in the remaining nuclei, including the nuclei anteroprincipalis (A pr), dorsalis superficialis (D sf), dorsocaudalis (Dc), pulvinaris (Pu), ventrocaudalis (Vc), and reticularis (R). Fig. 4) showing fiber and terminal degeneration resulting from a lesion of the left nucleus gracilis. See Table 1 for abbreviations.
Study 2 Section of Nucleus of Fasciculus Gracilis in Spinal Cord
to ascend the contralateral brain stem in the lemniscus medialis (Lm) (Fig. 4) .
Degeneration in the Right (Contralateral) Thalamus. The degenerating fibers in the lemniscus medialis (Lm) turned laterally in the tegmental region to enter the thalamus lateral and posterior to the nucleus centralis. The anteromedial portion of the pulvinar sections (57, 59, and 61, Pu) showed some fiber and terminal degeneration (Fig. 5) . The majority of the degeneration entered the nucleus ventrocaudalis (Vc). In reaching this destination some of the most anterior fibers crossed the lower portion of the marginal zone of the nucleus ventrointermedius (Vim) (sections 57, 59, and 61). The densest terminal degeneration was seen in the lateral portion of the Vc (sections 63, 65, and 69). In this region there was no invasion of either the pulvinar posteriorly or the superior and lateral portion of the Vim. Likewise, no degeneration was seen in the adjacent nuclei such as the centralis-parafascicularis complex, the intralaminar nuclei, or the adjacent tectal region.
Study 3 Thalamic Lesions in the Nucleus Ventrocaudalis a n d Nucleus Ventrointermedius in
Man. This 5 l-year-old right-handed man had a left cryothalamotomy for an intractable severe tremor of Parkinson's disease 19 months before he died, and a right cryothalamotomy 6 months before death. Both lesions relieved the tremor in the contralateral hand, although a mild ataxia remained on the left side. At the moment of the right thalamic lesion he complained of numbness in the left corner of his mouth and on the left side of his tongue. This numbness, with no objective sensory findings, was still present at his last admission 3 months before his death. This admission was prompted by gradually increasing hemiballistic movements of the left arm, first noted 1 month after the right thalamotomy. He died of pulmonary complications 2 weeks after the first stage of a revision of the right thalamic lesion. There was no thalamic puncture.
Lesion in Right Thalamus Contralateral to Paresthesia. The main lesion measured 3 to 4 mm in diameter and involved the medial third of the nucleus ventrocaudalis (Vc i) and the adjacent nucleus centralis (Ce) (Fig. 6 , sections 202 and 252). The cannula track passed forward and upward through the central portion of the nucleus ventrointermedius (Vim), and also involved the intralaminar region, the nuclei dorsooralis (Do), and lateropolaris (L po). Cell loss and gliosis surrounded the Table 1 for abbreviations. Table 1 for abbreviations. primary lesion and cannula tracks. Cell loss with a somewhat larger area of gliosis (sections 202 and 252) was seen in the posterior portion of the nucleus medialis (M). This was probably due to damage to cortical connections of this portion of the nucleus mcdialis by the cannula. A small area of cell loss was also seen in the nucleus anteroprincipalis (A pr) and may have bccn due to interruption of the connections with the cingulatc gyrus by the cannula.
Lesion in Left Thalamus Producing No Paresthesia. The main lesion measured some 4 mm in diameter and lay in the nucleus ventrointcrmcdius (Vim) with some surrounding cell loss and gliosis (Fig. 7, sections 252 and 302). The cannula track ran forward through nucleus ventrooralis externus (Voe, section 352) with a small lateral extension apparently due to hemorrhage. The somewhat irregular track could then be followed through the nucleus latcropolaris (L po) in the ventricle. Cell loss was evident in both the nucleus ccntralis (Co) and the ventral portion of the nucleus mcdialis (M) apparently duc to damage to the projections from these nuclei. There was no evidence of damage to the nucleus ventrocaudalis (Vc) at any point.
Discussion
In the present context, the "lateroventral thalamic mass" indicates the thalamic region encompassed laterally and medially by the internal and external medullary lamina. The posterior boundary is formed by the pulvinar and the anterior by the rostral thalamic pole. According to Walker, 17 divisions in this region would generally be called the nucleus ventralis anterior, nucleus ventralis lateralis, and nucleus ventralis posterior, following their rostrocaudal sequence. The nucleus vcntralis posterior seemed securely defined on cytoarchitectural grounds by the presence of very large angular cells, especially prominent in the lateral portions. The two anteriorly situated nuclei had smaller cells and the separation between the two might be taken to be in the vicinity of the transverse plane of the mammillothalamic track; the cytoarchitectural separation, at least as described, is not easy to follow.
Pure cytoarchitecturc remains a sterile discipline unless correlated with function. As Flourens said long ago, "Anatomic sans physiologic serait une anatomic sans but. ''3 Walker 17 among others has assisted in filling this gap. Subsequent work appeared to establish beyond reasonable doubt that the nucleus ventralis lateralis (VL) received the cerebcllar inflow while the large-celled nucleus vcntralis posterior (VPL and VPM) served as the sensory relay.
Thus the problem seemed solved, but it is fair to point out the animal for which this was solved was the macaque monkey. Furthermore, most of the subcortical connections were established by use of the Marchi technique. While this technique is excellent for following dense, heavily myelinatcd tracks, an important defect is that the cytoarchitecture and the degenerating tracks cannot bc compared critically in the same or adjacent sections.
The matter might have remained dormant but for the interest in the lateroventral thalamic mass aroused by the introduction of human stereotaxic surgery in the 1950s. The differences between the thalamus of man and that of lower forms spurred HassleP to reconsider the matter. His three-plane study of the thalamus was made in great detail, and hc became dissatisfied with the standard AngloAmerican nomenclature. In its place hc used the nomenclature of the Vogts 15,1e upon which he elaborated.
In attempting to interrelate Hassler's divisions and those of standard Anglo-American usage, one encounters particular difficulty in the latcroventral region. In man and chimpanzee a distinct large-celled nucleus, the nucleus ventrointermcdius, is found to be interposed between the cytoarchitecturally distinct large-celled nucleus forming the anterior boundary of the pulvinar (nucleus vcntrocaudalis) and the small-called nucleus ventrooralis (VL). Should this be considered part of VL or is it VP? OlszewskP clearly considered it to be part of the nucleus ventralis posterior and called it the "pars oralis" (nucleus ventrails posterior latcralis, pars oralis). WalkeP 7 had initially made a distinction in the macaque using the term nucleus ventralis intermedius, apparently following Vogt's use of the term "noyau ventrointermcdiare. ''5 Later hc dropped the term, apparently feeling that this lamina (which is thin in the macaque) was simply a subdivision of the sensory relay nucleus and that the perpetration of the subdivision was without value.
The material we have presented in the chimpanzee illustrates that the division between the sites of inflow of the cerebellar and medial lemniscus systems are not, respectively, the small-celled VL and large-celled VP portions of the lateroventral thalamus. Instead, it appears that the major sites of inflow for both systems are within cytoarchitecturally distinct regions of the large-celled nucleus ventralis posterior. The present nomenclature divides the region into the nucleus ventrointermedius, which receives most of the cerebellar inflow on the way to the rostral thalamic nuclei, and the nucleus ventrocaudalis which receives most of the afferents from the lemniscus medialis.
The discrete lesions in the human material appeared to support this division in that the lesion in the nucleus ventrocaudalis resulted in a contralateral, enduring paresthesia, while a lesion within the nucleus ventrointermedius had no sensory sequelae.
